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This invention relates to a plastic laminate having a polyamide resin surface layer, a fluororesin surface layer and 
an intermediate layer of a resin blend. In the laminate the both surface layers are welded to the intermediate layer The 
plastic lami nate can be produced in sheet form or tubular form. 

In this specification the term "polyamide" always refers to an aliphatic polyamide that is called nylon. Polyamide res- 
ins have well balanced properties and are excellent particularly in mechanical strength, toughness, wear and abrasion 
resistance, moldability and workability. Accordingly polyamide resins are largely used as molding materials for automo- 
tive parts, electric parts, general machine parts, etc. Besides, flexible nylon resins which are below about 5000 kqf/cm 2 
in tensile modulus of elasticity are used for pipes and hoses in automated machines, industrial robots, automobiles etc 
In expanding the use of polyamide resins there is a problem that polyamide resins are rather inferior in acid resist- 
ance and methano resistance. For example, in the case of an automotive fuel hose using a flexible nylon resin such as 
nylon 1 1 or nylon 12 the hose is short in service life if sour gasoline frequently flows in the hose, and the nylon resin 
hose can hardly be used for methanol ora mixed fuel containing methanol because the nylon resin is easily swelled bv 
/5 methanol. ' 7 

Fluororesins are excellent in chemical resistance and weather resistance, but fluororesins are generally costly. 
Therefore, various attempts have been made to produce a plastic laminate having a polyamide layer and a fluororesin 
ayer. However, it is very difficult and almost impracticable to produce such a laminate by welding the two kinds of resin 
ayers because fluororesins are generally poor in compatibility with different resins. Therefore it is usual to accomplish 
the aimed lamination by using an adhesive and making a pretreatment of a surface of the fluororesin layer such as a 
corona discharge treatment or a chemical etching treatment, and hence the lamination process complicates and entails 
troublesome operations especially in the case of producing a laminated pipe or hose 

It is already known (EP-A-0 132 583) that a coextruding film comprises at least one thermoplastic fluoropolymer 
3y I! J? 006 therm °P' astic ^eric layer adjacent to the thermoplastic fluoropolymer layer. There is a coex- 
truded adhesn/e layer between each thermoplastic fluoropolymer layer and each thermoplastic polymeric layer The 
coextruded film can be orientied in at least one direction and/or embossed without delamination. f ibrellating or spltttino 
Furthermore a laminate of at least two plastic foils is known (EP-A 0 284 714) which are connectable only indirectly 
with each other due to their chemical composition. The single plastic foils are connected through a fleece, the fibres of 
which are embedded partially in the material of one foil and partially in the material of the other foil 

Jt is an object of the present invention to provide a plastic laminate, which has a polyamide resin surface layer and 
a fluororesin surface layer having excellent resistance to chemicals including acids and methanol and can be produced 
by a welding method without need of any pretreatment of either of the polyamide resin layer and the fluororesin layer 
For aiming at this object the invention proposes a plastic laminate comprising 

a first surface layer formed of an aliphatic polyamide resin having a melting temperature not higher than 280°C- 
a second surface layer formed of a fluororesin being any of ' 

(i) a fluorine-containing graft copolymer (FGC). 

(ii) polyvinylidene fluoride (PVDF), 

(iii) a blend of polyvinylidene fluoride (PVDF) and a fluorine-containing graft copolymer (FGC) 

(iv) a copolymer of vinylidene fluoride (VDF) and at least one other fluorine-containing monomer 

(v) a blend of vinylidene fluoride (VDF) based copolymer and a fluorine-containing graft copolymer (FGC) 

(vi) a copolymer of ethylene and a fluoroolef in which may optionally include another fluorine-containing mono- 
mer and 

« (vii) a blend of the ethylene-fluoroolefin copolymer and 

a fluorine-containing graft copolymer (FGC); and an intermediate layer which is interposed between said first and 
second surface layers and welded to the first and second surface layers, the intermediate layer being formed of a 
resin blend comprising an aliphatic polyamide resin und a fluorine-containing graft copolymer having a trunk poly- 
mer, which is an elastomeric copolymer of at least two principal monomers including at least one fluorine-contain- 
ing monomer and a subsidiary monomer having at least one double bond and peroxy group and has a glass 
transition temperature lower than 25°C. and a branch polymer which is a fluorine-containing crystalline polymer in 
the form of polyvinylidene fluoride (PVDF), a copolymer of vinylidene fluoride (VDF) and at least one other fluorine- 
containing monomer or a copolymer of ethylene and a fluoroolefin. the weight ratio of the branch polymer to the 

In 1 ! ?l ymer b6 u" 9 in the ra " 9e fr0m 20:100 10 80:1 00 and the resin blend for th * intermediate layer consisting of 
10 1 to 120 parts by weight of a polyamide resin with 100 parts by weight of a fluorine-containing graft copolymer 
(FGC) or a mixture of a fluorine-containing graft copolymer (FGC) and another polymer selected from polyvinyl!- 
dene fluoride (PVDF). vinylidene fluoride (VDF) based copolymers and ethylene-fluoroolefin copolymers 
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Preferred embodiments of the invention are described in the dependent claims. 

Fluorine-containing graft copolymers useful in this invention are disclosed in US-A-4,472,557. We have discovered 
that some of the fluorine-containing graft copolymers disclosed in the patent are well compatible with aliphatic polya- 
mide resins such as nylon 6, nylon 66, nylon 1 1 and nylon 12 and also with several kinds of known fluororesins and that 
a blend of a selected fluorine-containing graft copolymer and a polyamide resin is very suitable for insertion between a 
polyamide resin layer and a f luororesin layer to produce a desired laminate by a simple welding method. The selected 
fluorine-containing graft copolymer itself serves as a soft and flexible f luororesin that can easily be shaped by extrusion 
and other conventional molding methods. 

In the graft copolymers used in this invention a preferred example of the trunk polymer, viz. elastomeric copolymer 
having peroxy groups, is a copolymer of vinylidene fluoride (VDF), chlorotrrfluoroethylene (CTFE) and a relatively small 
amount of an unsaturated peroxy compound such as t-butyl peroxyallylcarbonate. 

A desired graft copolymer is obtained by graft polymerisation of VDF monomer or a mixture of monomers for the 
desired branch polymer with an elastomeric copolymer employed as the trunk polymer. The graft polymerization is 
accomplished by using thermal decomposition of the peroxy groups in the trunk polymer. 

In a laminate according to the invention the intermediate layer is formed of a resin blend which is essentially a blend 
of a fluorine-containing graft copolymer and an aliphatic polyamide resin, and it is optional to modify this resin blend to 
a ternary blend by the addition of a polymer which can be employed as the branch polymer of a graft copolymer useful 
in this invention. 

The laminate has a f luororesin surface layer. The f luororesin of this surface layer is any of (i) a fluorine-containing 
graft copolymer (FGC), (ii) PVDF, (iii) a blend of PVDF and a FGC, (iv) a copolymer of VDF and at least one other fluo- 
rine-containing monomer, (v) a blend of the VDF based copolymer and a FGC, (vi) a copolymer of ethylene and a 
fluoroolefin, which may optionally include another fluorine-containing monomer and (vii) a blend of the ethylene- 
fluoroolef in copolymer and a FGC. 

A plastic laminate according to the invention is useful in either sheet form or tubular form. In the case of a tubular 
laminate usually the f luororesin surface layer becomes the inner surface layer. For example the laminate in sheet form 
provides gaskets having good resistance to various chemicals. A laminated tube, pipe or hose according to the inven- 
tion can be produced by a coextrusion method since the lamination of the three layers can be accomplished simply by 
welding. Therefore, it is particularly advantageous to use the invention for an automotive fuel hose which is required to 
be resistant to either methanol or sour gasoline. 

... This invention uses an aliphatic polyamide resin which has a melting temperature not higher than 280°C. The 
polyamide resin can be selected from conventional nylon resins such as, for example, nylon 6 ( nylon 66, nylon i 1 and 
nylon 12. When the laminate is in the form of pipe or hose it is preferable to select a flexible nylon which is lower than 
5000 kgf/cm 2 in tensile modulus of elasticity, such as nylon 1 1 or nylon 12. If desired it is possible to use a flexible nylon 
resin containing a plasticizer. 

In a fluorine-containing graft copolymer (FGC) used in this invention the trunk polymer is an elastomeric copolymer 
having a glass transition temperature lower than 25°C as the trunk polymer. The flexibility and softness of the graft 
copolymer are mainly attributed to this elastomeric copolymer. Ihe principal monomers for this elastomeric copolymer 
can be selected from various combinations. It is preferable to employ a combination of two or three fluorine-containing 
compounds, but it is also possible to use a combination of at least one fluorine-containing compound and at least one 
unsubstituted olefin such as, for example, ethylene and/or propylene. More particularly it is preferred to employ a com- 
bination of VDF and CTFE, combination of VDF and hexafluoropropene (HFP), combination of VDF, HFP and tetrafluor- 
oethylene (TFE). As to the subsidiary monomer having at least one double bond and peroxy group, examples of useful 
compounds are unsaturated peroxyesters such as t-butyl peroxymethacrylate and t-butyl peroxycrotonate and unsatu- 
rated peroxycarbonates such as t-butyl peroxyallylcarbonate and p-menthane peroxyallylcarbonate. It suffices to mix a 
relatively small amount of such an unsaturated peroxide with the above described principal monomers. In general it suf- 
fices that the unsaturated peroxide monomer amounts to about 0.05 to 5 wt% of the monomer mixture to be copolym- 
erized. 

It is preferable that in the FGC the weight ratio of the branch polymer to the trunk polymer is in the range from 
20:100 to 80:100. When the amount of the branch polymer is less than 20 parts by weight it is not easy to accomplish 
good blending of the FGC with another fluororesin or a polyamide resin by melt blending. When the amount of the 
branch polymer is more than 80 parts by weight it is likely that both the FGC and a blend of the FGC with a flexible nylon 
resin are insufficient in softness or flexibility. 

In preparing a blend of a selected FGC with a polyamide resin and/or another fluororesin, the blending is usually 
accomplished by a melt blending method using, for example, a twin-roll kneader or an extruder. 

As to a resin blend for the intermediate layer of a laminate according to the invention, it is suitable to blend 10-120 
parts by weight of a polyamide resin with 100 parts by weight of a FGC or a mixture of a FGC and another polymer 
selected from PVDF, VDF based copolymers and ethylene-f luoroolefin copolymers. If the amount of the polyamide resin 
is less than 10 parts the intermediate layer may not be sufficiently high in the strength of weld adhesion to the polyamide 
resin surface layer. If the amount of the polyamide resin is more than 120 parts the strength of weld adhesion of the 
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intermediate layer to the f luororesin surface layer may not be sufficiently high. In the case of a ternary resin blend it is 
suitable that the weight ratio of the third polymer to the FGC is not greater than 1 because the incorporation of an exces- 
sively large amount of a third polymer mars the compatibility of the resin blend with polyamide resins. 

PVDF is useful in this invention as the material of the f luororesin surface layer of the laminate. PVDF is excellent in 
chemcial resistance, but PVDF is a highly crystalline and relatively hard resin. Therefore, when it is desired to obtain a 
flexible laminate by using PVDF in the surface layer it is suitable to use a FGC having branch segments of either PVDF 
or a VDF based copolymer (described below) or a blend of such a FGC with PVDF When the surface layer uses PVDF 
in any of these manners, the resin blend for the intermediate layer uses a FGC in which the branch polymer is PVDF or 
a VDF based copolymer, and the resin blend may be a ternary blend including PVDF or a VDF based copolymer. 

A fluororesin that is better than PVDF in impact resistance at low temperatures can be obtained by copolymeriza- 
tion of VDF with at least one other fluorine-containing monomer. When a laminate according to the invention is required 
to have good impact resistance at low temperatures (e.g. even at -40°C) as in the case of an automotive fuel hose, it is 
suitable to use a VDF based copolymer in the fluororesin surface layer. A suitable copolymer can be selected from 
binary copolymers such as VDF and tetrafluoroethylene (TFE), VDF and CTFE, VDF and trifluoroethylene (TrFE), VDF 
and hexaf luoropropene (HFP), VDF and hexaf luoroacetone (HFA) and VDF and vinyl fluoride (VF), and it is also possi- 
ble to use a ternary copolymer such as VDF-HFP-TFE copolymer. In any case it is preferable that VDF occupies at least 
50 mol% of the binary or ternary copolymer. Also it is possible to use, as the material of the fluororesin surface layer, a 
FGC having branch segments of a VDF based copolymer preferably containing at least 50 mol% of VDF or a blend of 
that graft copolymer and a VDF based copolymer. 

When a VDF based copolymer is used in the fluororesin surface layer the resin blend for the intermediate layer 
uses a FGC having branch segments of PVDF or a VDF based copolymer preferably containing at least 50 mol% of 
VDF, and the resin blend may be a ternary blend including PVDF or a VDF based copolymer. 

Another fluororesin that can be used in the fluororesin surface layer of the laminate is a copolymer of ethylene and 
a fluoroolefin. As the f luoroolefin it is preferable to use CTFE, TFE or TrFE. It is suitable that the f luoroolef in occupies 
40-60 mol% of the copolymer. If desired, up to 10 mol% of a third component may be incorporated in the ethylene- 
f luoroolef in copolymer. For example, the third component can be selected from propylene, HFP, 1, 1,1, 3,3-pentaf luoro- 
propene, 3,3,3-trif luoropropene, 2-trif luoromethylpropene, hexaf luoroisobutene and perfluoroalkylvinyl ethers. Also it is 
possible to use a FGC having branch segments of an ethylene-f luoroolefin copolymer or a blend of such a FGC with an 
ethylene-fluoroolef in copolymer. 

. ,When an ethylene-f luorolef in copolymer is used in the fluororesin surface layer the resin blend for the intermediate 
layer uses a FGC having branch segments of an ethyiene-f luorooief in copolymer, and the resin blend may be a ternary 
blend including an ethylene-fluoroolefin copolymer. 

In a laminate according to the invention the thickness of each layer is not particularly limited. Usually the interme- 
diate layer is relatively thin. From an economical point of view it is favorable to make the fluororesin surface layer thinner 
than the polyamide resin surface layer. 

In this invention it is possible to add adequate amounts of known additives to the fluororesin for a surface layer of 
the laminate and/or the polyamide resin for the opposite surface layer for the purpose of improving or modifying some 
properties of the resin. Examples of additives are organic polymers not containing fluorine, carbon powder, carbon fiber, 
metal fiber, metal powder, ceramic powder and resin powder. 

The following examples are illustrative of the invention. 

EXAMPLE 1 

1. Preparation of Fluorine-containing Graft Copolymer 

Initially a 1 00-iiter stainless steel autoclave was charged with 50 kg of purified water, 100 g of potassium persulfate, 
150 g of ammonium perfluorooctanoate and 100 g of t-butyl peroxyallylcarbonate (abbreviated to BPAC). The gas 
atmosphere in the autoclave was repeatedly replaced by nitrogen gas, and then the gas was purged. After that 12.5 kg 
of VDF monomer and 7.55 kg of CTFE monomer were introduced into the autoclave, and the resultant mixture was sub- 
jected to copolymerization reaction at a temperature of 50°C for 20 h while continuing stirring. The reaction product was 
in the state of white latex. From this latex a rubber-like powder was obtained by salting-out treatment. The powder was 
washed with water, dried in vacuum, then washed with n-hexane to completely remove unreacted residue of BPAC and 
again dried in vacuum. The dried powder weighed 16 kg. This powder was of an elastomeric copolymer of VDF, CTFE 
and BPAC. Thermal analysis of this copolymer with a diffraction scanning calorimeter (DSC) revealed the existence of 
an exothermic peak at 160-180°C, which was attributed to decomposition of peroxy group. By iodometric titration the 
content of active oxygen in the copolymer was measured to be 0.042%. 

To carry out a graft polymerisation reaction, 1 2 kg of the above copolymer powder was charged in a 1 00-liter stain- 
less steel autoclave together with 75 kg of 1,1,2-trifluoro-1,2,2-trichloroethane (solvent). The gas atmosphere in the 
autoclave was repeatedly replaced by nitrogen gas, and then the gas was purged. After that 6 kg of VDF monomer was 
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charged into the autoclave, and the resultant mixture was subjected to polymerization reaction at 95°C for 24 h with 
continuous stirring. The reaction product was separated from the solvent and dried to obtain 16.6 kg of a graft copoly- 
mer in the form of a white powder. By calculation from the weight of the obtained graft copolymer, the weight ratio of the 
graft polymerised VDF to the elastomeric trunk copolymer was 38.3:100. This graft copolymer will be referred to as 
5 FGC-A. 

The graft copolymer FGC-A was pelletized by using an extruder having a diameter of 30 mm (length-to-diameter 
ratio of the cylinder was 22) at a temperature of 180-200°C. 

2. Preparation of Fluororesin Sheet 

10 

This example used a commercial PVDF in the form of pellets, SOLEF 1010 (Trademark of Solvey Co.). The PVDF 
was melted and kneaded in the aforementioned extruder and, using a sheet-forming die, extruded into a sheet having 
a width of 150 mm and a thickness of 0.5 mm. The kneading and extruding temperature was 180-220°C. Besides, a 1 .0 
mm thick sheet of PVDF was formed by the same method in order to prepare specimens for tensile testing. 

15 

3. Preparation of Polyamide Sheet 

The polyamide resin used in this example was nylon 12 in the form of pellets supplied from Atochem Co. under the 
tradename Rilsan, (Trademark of Atochem Co.) AESN 0 P40TL This nylon 12 was used in the subsequent examples 
20 too unless otherwise noted. The nylon 12 was dried at 80°C for 4 hr and then formed into a sheet having a width of 150 
mm and a thickness of 1.0 mm by using the aforementioned extruder and a sheet-forming die. The extruding tempera- 
ture was 180-235°C. Besides, 1 .5 mm thick and 2.0 mm thick sheets of nylon 12 were formed by the same method for 
use in comparative examples. 

25 4. Preparation of Blended Resin Sheet 

In a tumbler 1 00 parts by weight of the fluororesin FGC-A was mixed with 50 parts by weight of the aforementioned 
nylon 12. The mixture was melted and kneaded by using the aforementioned extruder and extruded into a sheet having 
a width of 150 mm and a thickness of 0.5 mm, The extruding temperature was 180-235°C. Besides, a 1.0 mm thick 
30 . sheet of the blended resin was formed by the same method in order to prepare specimens for tensile testing. 

5. Tensile Testing of Resin Sheets 

The 1 mm thick sheet of PVDF, 1 mm thick sheet of nylon 12 and the 1 mm thick sheet of the blend of FGC-A and 
35 nylon 2 were each punched to form dumb-bell specimens No. 3 according to J IS K 6301 , and each of these specimens 
was tested with an Instron type tensile tester to obtain a stress-strain curve. The test was made at a temperature of 
23°C, and the pulling speed was constantly 10 mm/min. Using the obtained stress-strain curve the tensile modulus of 
elasticity of each resin sheet was calculated from the inclination of an initial linear part of the curve. Tensile modulus of 
elasticity can be taken as an indication of the degree of flexibility or softness of each resin. 
40 The tensile moduli of elasticity of the three kinds of resin sheets were as follows. 

PVDF sheet: 8600 kgf/cm 2 
Nylon 12 sheet: 3050 kgf/cm 2 
FGC-A/nylon 1 2 blend sheet: 2300 kgf/cm 2 

45 

6. Fabrication of Laminate 

The 0.5 mm thick sheet of PVDF, the 1 mm thick sheet of nylon 12 and the 0.5 mm thick sheet of the blend of FGC- 
A and nylon 12 were each cut into 100 mm square pieces. 

so First the 100 mm square sheet of PVDF was placed on a central area of a 200 mm square plate (1 mm thick) of 
stainless steel. Next the 1 00 mm square sheet of the blend of FGC-A and nylon 1 2 was placed on the PVDF sheet, and 
the 100 mm square sheet of nylon 12 was placed on the blend resin sheet. Then another 200 mm square plate (1 mm 
thick) of stainless steel was placed on the nylon sheet. As a result a provisional laminate of three resin sheets were 
sandwiched between a pair of stainless steel plates. The total thickness of the three sheets was 2 mm. 

55 The provisional laminate sandwiched between the stainless steel plates was placed in a compression molding 
apparatus which was preheated to 200°C. Without applying pressure the provisional laminate was maintained in the 
heated apparatus for 10 min. After that the provisional laminate was transferred into another compression molding 
apparatus which was cooled with water, and a pressure of 20 kgf/cm 2 was applied to the laminate for 5 min. After that 
the laminate was left to cool. By these heating and pressing operations both the PVDF sheet and the nylon 12 sheet 
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15 



20 



25 



30 



were welded to the intermediate sheet of the blend of FGC-A and nylon 12. That is, the three resin sheets turned into 
a unitary three-layer laminate having a fluororesin (PVDF) surface layer on one side and a nylon surface layer on the 
opposite side. 1 1 u,e 

7. Measurement of Peel Strength of Adhesion in Laminate 

To prepare test-pieces, the above described lamination process was modified so as to leave the three resin sheets 
unwelded in a rectangular half area of the 100 mm square laminate by using a 0.1 mm thick film of polytetrafluoroeth- 
yiene (PTFE) as a welding inhibitor. In preparing the provisional laminate of the three kinds of resin sheets the PTFE 
film was interposed between the PVDF sheet and the FGC-A/nylon blend sheet and between the FGC-A/nylon blend 
sheet and the nylon sheet in a rectangular half area of the 1 00 mm square sheets (one of two symmetrically half areas- 
50 mm m wdth and 100 mm in length). There was no change in the subsequent heating and pressing operafons 

The 1 00 mm square laminate including the unwelded rectangular area (50 mm wide and 1 00 mm long) was cut per- 
pendicular to flie border between the welded and unwelded areas into 25 mm wide and 100 mm long strips That is in 
each of the obtained strips the welded three-layer laminate occupied a length of 50 mm. and from each layer of the 

JStSl ?"« B S mm 139 ° f 8 ^ She6t eXtended ' These stri P s were used as ^-pieces for measuring 
the peel strength of adhes.on between two adjacent layers in the three-layer laminate by a test method generally in 
accordance vvrth JIS K 6854. The test was made at room temperature, and the angle of peeling was 180 degreS On 
several samples, the peel strength of adhesion between the PVDF layer and the FGC-A/nylon blend layer was 7 0-112 
kgf/25 mm. and the peel strength of adhesion between the nylon layer and the FGC-A/nylon Wend layer was 28.0-35.1 
kqt/25 mm. 

EXAMPLES 2-4 

PX/nP^ip^? 6 ! differ l f d < ,r o 0m Exam P le 1 ""y in that either 9raft copolymer FGC-A or a blend of FGC-A and 
PVDF SOLEF (Trademark of Solvey Co.) 1010) was used as a fluororesin in place of PVDF used in Example 1 In 
^SmS^S^? PVDF was blended with 50 parts by weight of FGC-A. In Examples. S^rteby 

Z TwZ^l ^ \°2 ^ by W6l ' 9ht ° f FG °- A - ' n Exam P' e 4 FGC " A was blending 
of PVDF and FGC-A was earned out by using a tumbler and the extruder used in Example 1. and in every example the 
employed fluororesin was extruded into a sheet at temperatures of 180-220°C. 

Table 1 shows the tensile moduli of elasticity of the fiuororesins used in Examples 1-4 measured on 1 mm thick 
spscimsns. 
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TABLE 1 





Fluororesin PVDF/FGC- 
A (by weight) 


Tensile Modulus of Elas- 
ticity (kgf/cm 2 ) 


(Ex. 1) 


100/0 


8600 


(Ex.2) 


100/50 


6200 


(Ex.3) 


50/100 


4000 


(Ex. 4) 


0/100 


1800 



50 



c„ Q ^TTl EXam u P !f 2 ' 4 8 laminate was P rodu ced by the same process as in Example 1. and peel 

PA1 Stands' lor nyton ^ een * ^ ''" ^ "** The results are shown in Table 2 > herein 

EXAMPLES 5-8 



55 



In these examples a ternary blend of 100 parts by weight of FGC-A, 50 parts by weight of PVDF and 75 parts by 
weight of nylon 12 was used in place of the binary blend of FGC-A and nylon 12 in Examples 1-4. The tensile modulus 
o elastoty of this ternary blend was 3600 kgf/cm 2 measured on 1 mm thick specimens. Except for this change Exam- 

c 63 J. TI* ' a u t0 Exampl6S 1 ' 4, res P ectivel * ln three-layer laminates produced in Examples 5-8 the peel 
strength ot adhesion between adjacent layers were as shown in Table 2. 

Throughout Examples 1-8 the peel strength test revealed that in the three-layer laminate the adhesion of each sur- 
face layer, either the fluororesin layer or the nylon layer, to the intermediate layer was fairly strong and very uniform. 



6 



COMPARATIVE EXAMPLES 1-4 
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Comparative Examples 1-4 were similar to Examples 1-4, respectively, except that a binary blend of 100 parts by 
weight of PVDF and 50 parts by weight of nylon 1 2 was used as the material of the intermediate layer in the three-layer 
5 laminate. That is, in the three-layer laminates of Comparative Examples 1 -4 the intermediate layer did not contain FGC- 
A or any alternative soft fluororesin. 

Table 2 contains the data of peel strength of adhesion in the laminates of Comparative Examples 1 -4. In these lam- 
inates the peel strength values exhibited wide dispersion, and the peel strength test revealed that in some local areas 
either of the two surface layers did not firmly adhere to the intermediate layer. 



TABLE 2 



15 




Intermediate Layer (2nd 

layer) FGC- 
A/PVDF/PA12(by wt.) 


Fluororesin Layer (3rd 
layer) PVDF/FGC-A (by 
wt.) 


Peel Strength of Adhesion (kgf/25 mm) 










3rd layer-2nd layer 


*) 1stlayer-2nd layer 




Example 1 


100/0/50 


100/0 


7.0-11.2 


28.0-35.1 


20 


Example 2 


ditto 


100/50 


7.2-12.5 


ditto 




Example 3 


ditto 


50/100 


15.0-17.3 


ditto 




Example 4 


ditto 


0/100 


14.5-17.0 


ditto 




Example 5 


100/50/75 


100/0 


5.8-8.0 


30.0-39.2 


25 


Example 6 


ditto 


100/50 


7.2-9.4 


ditto 




Example 7 


ditto 


50/100 


9.8-14.2 


ditto 




Example 8 


ditto 


0/100 


10.8-16.8 


ditto 


30 *. 


Comp. Ex. 1 


0/100/50 


100/0 


0.2-10.2 


0.4-29.8 




Comp. Ex. 2 


ditto 


100/50 


0.3-6.5 


ditto 




Comp. Ex. 3 


ditto 


50/100 


0.3-5.7 


ditto 




Comp. Ex. 4 


ditto 


0/100 


0.4-3.8 


ditto ! 



*)1stlayer:PA12 



40 COMPARATIVE EXAMPLES 5-8 

As Comparative Examples 5-8 the three-layer laminates of Examples 1-4 were respectively modified to two-layer 
laminates by omitting the intermediate layer formed of the blend of FGC-A and nylon 12 and increasing the thickness 
of the nylon 12 layer to 1.5 mm. In the two-layer laminates the peel strength of adhesion between the fluororesin layer 
45 and the nylon layer was as shown in Table 3. 



TABLE 3 





Fluororesin Layer 
PVDF/FGC-A (by 
weight) 


Peel Strength of Adhe- 
sion (to nylon 12 layer) 
(kgf/25 mm) 


Comp. Ex. 5 


100/0 


0-0.1 


Comp. Ex. 6 


100/50 


0-0.1 


Comp. Ex. 7 


50/100 


0-0.2 


Comp. Ex. 8 


0/100 


0-0.4 
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Chemical Resistance of Laminate 

5 The following tests were made to evaluate chemical resistance of the laminates of Examples 1-8. Table 4 shows 
the results together with the results of the same tests on the laminates of the subsequent examples. 

(1) Acid Resistance Test 

w A lining tester according to ASTM C 868-77 was used, and 60% nitric acid was used as the testing reagent. The 
test was made at room temperature. In the tester a sample of each laminate was set so as to expose the f luororesin 
(PVDF and/or FGC-A) layer to the acid, and after the lapse of 30 days a change in the weight of the sample was meas- 
ured. For comparison, a 2 mm thick sheet of nylon 12 was subjected to the same test. The nylon sheet dissolved in the 
nitric acid. 

15 

(2) Methanol Resistance Test 

A stainless steel cup having an inner diameter of 66 mm and a height of about 50 mm was used. The outer surface 
of the cup was threaded in a top end region. The cup contained 100 ml of methanol, and the open top of the cup was 

20 covered by a sample of the three-layer laminate (2 mm thick) which was in the shape of a disc having a diameter of 85 
mm. The disc-shaped sample was supported by a wire net and placed such that the f luororesin (PVDF and/or FGC-A) 
layer faced the methanol in the cup. The sample was secured to the cup by using a threaded annular adapter and a 
sealant. Then the cup was turned bottom up to thereby bring methanol into contact with the f luororesin layer of the sam- 
ple laminate. In that state the cup was placed in an oven which was kept heated at 40°C, and the gross weight of the 

25 cup inclusive of methanol and the sample laminate was periodically measured to determine the rate of permeation of 
methanol through the sample laminate. After the lapse of 14 days a change in the weight of the sample laminate was 
measured. For comparison, a 2 mm thick sheet of nylon 12 was subjected to the same test. 



30 . 



35 



40 



45 



50 



55 
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TABLE 4 





Chemical Resistance 
(weight change, %) 


Permeation of Methanol 
(mg/h) 




in nitric acid 


in methanol 




Ex. 1 


0.15 


0.2 


6 


Ex.2 


0.33 


0.8 


8 


Ex.3 


0.70 


1.4 


11 


Ex.4 


0.81 


1.6 


12 


Ex.5 


0.15 


0.2 


3 


Ex.6 


0.28 


0.4 


4 


Ex.7 


0.64 


1.3 


6 


Ex.8 


0.73 


1.3 


8 


Ex.9 


0.18 


0.8 


7 


Ex. 10 


0.35 


1.8 


9 


Ex.11 


0.74 


1.7 


12 


Ex. 12 


0.81 


1.6 


12 


Ex. 13 


0.17 


0.8 


5 


Ex.14 


0.28 


1.2 


7 


Ex.15 


0.66 


1.4 


8 


Ex. 16 


0.73 


1.5 


10 


Ex.17 


0.10 


0.1 


3 


Ex.18 


0.24 


0.5 


5 


Ex. 19 


0.65 


1.3 


10 


Ex. 20 


0.85 


l.o 


12 


Ex. 21 


0.09 


0.1 


2 


Ex. 22 


0.21 


0.3 


3 


Ex. 23 


0.59 


1.1 


7 


Ex. 24 


0.71 


16 


9 


Nylon 12 (2 mm sheet) 


dissolved 


-8.3 


21 



EXAMPLES 9-16 

In these examples a commercial copolymer of VDF with TFE (VDF/TFE is about 80/20 by mol) in the form of pel- 
lets, KYNAR (Trademark of Atochem Co.) 7200 of Atochem Co., was used in place of PVDF in Examples 1-8. This 
copolymer will be referred to as VDFC. Except for this change Examples 9-1 6 are similar to Examples 1 -8, respectively, 
as can be seen in Table 6. In Examples 9-12 the intermediate layer of the three-layer laminate was formed of a blend 
of 100 parts by weight of the graft copolymer FGC-A and 50 parts by weight of nylon 12. In Examples 13-16 the inter- 
mediate layer was formed of a blend of 100 parts by weight of FGC-A, 50 parts by weight of the copolymer VDFC and 
75 parts by weight of nylon 12. 

The copolymer VDFC is better than PVDF in impact resistance at low temperatures. This fact was evidenced by the 

following experiment. 

The copolymer VDFC was blended with the graft copolymer FGC-A in selected proportions as shown in Table 5 by 
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using a tumbler and the extruder used in the foregoing examples, and each blend was extruded into a tube having an 
outer diameter of 8 mm and an inner diameter of 6 mm. The kneading and extruding temperature was 1 80-220°C. Sim- 
ilarly, PVDF (SOLEF 1010) used in Examples 1-8 was blended with FGC-A, and each blend was extruded into a tube 
of the same outer and inner diameters. The obtained fluororesin tubes were subjected to a falling weight impact test 
according to SAE J844d at -40°C. The weight had a diameter of 31.75 mm and a mass of 0.454 kg, and the impacting 
tip of the weight had a radius of curvature of 1 5.88 mm. The falling height was 304.8 mm. The test was made on 6 sam- 
ples of each tube. The results were as shown in Table 5. 



TABLE 5 



Blending Ratio (by wt.) 


Number of Broken Sam- 
ples 


VDFC 


PVDF 


FGC-A 




100 




0 


0/6 


100 




50 


0/6 


100 




100 


0/6 


50 




100 


1/6 


0 


100 


100 
0 


4/6 
6/6 




100 


50 


6/6 




100 


100 


6/6 




50 


100 


6/6 



-Jn the three-layer laminates of Examples 9-16 the peel strength of adhesion between adjacent layers were as 
shown in Table 6. The peel strength test revealed that in every example the surface layers on both sides were very uni- 
formly welded to the intermediate layer. 

The laminates of Examples 9-16 also were subjected to the acid resistance test and the methanol resistance test 
described hereinbefore. The results are shown in Table 4. 

COMPARATIVE EXAMPLES 9-12 

Comparative examples 9-1 2 were similar to Examples 9-12, respectively, except that a binary blend of 1 00 parts by 
weight of the copolymer VDFC and 50 parts by weight of nylon 12 was used as the material of the intermediate layer in 
the three-layer laminate. That is, FGC-A was not used in the intermediate layer. 

Table 6 contains the data of peel strength of adhesion in the laminates of Comparative Examples 9-12. In these 
laminates the peel strength values exhibited wide dispersion, and the peel test revealed that in some local areas either 
of the two surface layers did not firmly adhere to the intermediate layer. 
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TABLE 6 





Intermediate Layer (2nd 

layer) FGC- 
A/VDFC/PA12(bywt.) 


Fluororesin Layer (3rd 
layer) VDFC/FGC-A (by 
wt.) 


Peel Strength of Adhesion (kgf/25 mm) 








3rd layer-2nd layer 


*) 1 st layer-2nd layer 


Example 9 


100/0/50 


100/0 


9.8-12.2 


34.0-38.4 


Example 10 


ditto 


100/50 


9.5-13.5 


ditto 


Example 11 


ditto 


50/100 


15.2-17.0 


ditto 


Example 12 


ditto 


0/100 


14.5-17.0 


ditto 


Example 13 


100/50/75 


100/0 


6.5-9.0 


32 0-40 0 


Example 14 


ditto 


100/50 


7.8-10.0 


ditto 


Example 15 


ditto 


50/100 


10.5-15.2 


ditto 


Example 16 


ditto 


0/100 


11.0-16.9 


ditto 


Hnmn Fv Q 

wl 1 l\J . i— A, & 


n/1 nn wi 

\JI IUU/OU 


lUU/U 


0.3-11.3 


0.4-30.5 


Comp. Ex.10 


ditto 


100/50 


0.3-7.2 


ditto 


Comp. Ex.11 


ditto 


50/100 


0.3-6.3 


ditto 


Comp. Ex.12 


ditto 


0/100 


0.4-4.5 


ditto 



*)1stlayer:PA12 



COMPARATIVE EXAMPLES 13-16 

As Comparative Examples 13-16 the three-layer laminates of Examples 9-12 were respectively modified to two- 
layer laminates by omitting the intermediate layer formed of the blend of FGC-A and nylon 12 and increasing the thick- 
ness of the nylon 12 layer to 1 .5 mm. In the two-layer laminates the peel strength of adhesion between the fluororesin 
layer and the nylon layer was as shown in Table 7. 



TABLE 7 





Fluororesin Layer 
VDFC/FGC-A (by 
weight) 


Peel Strength of Adhe- 
sion (to nylon 12 layer) 
(kgf/25 mm) 


Comp. Ex. 13 


100/0 


0-0.2 


Comp. Ex. 14 


100/50 


0-0.3 


Comp. Ex. 15 


50/100 


0-0.4 


Comp. Ex. 16 


0/100 


0-0.4 



EXAMPLES 17-24 

In these examples a commercial copolymer of ethylene and CTFE (ethylene/CTFE is about 50-50 by mol) in the 
form of pellets, HALAR (Trademark of Allied Chemicals Co.) 500 of Allied Chemicals Co., was used in place of PVDF 
in Examples 1 -8. This copolymer will be referred to as ECTFE. 

In place of the fluorine-containing graft copolymer FGC-A used in the foregoing examples, Examples 17-24 used 
another fluorine-containing graft copolymer FGC-B in which the branch polymer was a copolymer of ethylene and 
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CTFE. The graft copolymer FGC-B was prepared by the following process. 

Initially a 100-liter stainless steel autoclave was charged with 150 kg of purified water, 400 g of potassium persul- 
fate 50 g o ammonium perfluorooctanoate. 500 g of potassium dihydrogenphosphate and 200 g of t-butyl peroxyallyl- 
carbonate (BPAC) in the form of 5% solution in 1.1.2-trifluoro-1 t 2,2-trichloroethane. The gas atmosphere hSa 
autoclave was repeatedly replaced by nitrogen gas. and then the gas was purged. After that 15 kg of VDF monomer 
and 12 2 kg of CTFE monomer were introduced into the autoclave, and the resultant mixture was subjected to cooolv- 
mer.2at.0n reaction under pressure of 10-13 kg/cm 2 at a temperature of 50°C for 10 h while continuing stirring The 
reaction product was 1 45.5 kg of white latex in which the concentration of solid copolymer was 16 5% 

, T L^Z V ° U{ 3 9raft P o| y merizaiion reacti ° n . 1 36.7 kg of the above latex (i.e. 22.56 kg of a copolymer of VDF CTFE 
and BPAC) was charged in a 300-liter stainless steel autoclave together with 45.5 kg of purified water and 50 g of 
?ZnZZ« erf ' UOrocx 2™f ' T u ne 9 as atmosphere in the autoclave was repeatedly replaced by nitrogen gas. and 

fSfiS! T, 9 ?.; f r I* 1 Hter ° f 5% aque ° US S °' Uti0n 0f S0dium sulfrte was added - «* then 1I.4 kg of 
CTFE monome^ and 3.7 kg of ethylene monomer were gradually charged into the autoclave by dividing the prescribed 

nTl^TouTTT threS P ° rti0nS - The reSultant mWure «« sub i^ to polymerization reacL under 
pressure of 3-12 kg/cm* at a temperature of 40°C for 16 h. The reaction product was in the form of a slurry. Using a 
centrifuge a sold product was taken out of the slurry, and the solid product was dried at 80°C for 2 days to obtain 35 7 
m^ll^ mer ^ ° f 3 P0Wder ** 9raft ^V™* the " nounl of the ethy'ene/CTFE copoly- 
Exa^e°| btained 9faft C0P ° lymer ' FGC " B ' " B8 pelletized by the method to P e »et'« the copolymer FGC-A in 

^SSKSSS: 53T 9 m ' shee,,ormin9 operations and 

The tensile moduli of elasticity of the three kinds of resins, measured on 1 mm thick sheets, were as follows. 

ECTFE: 16800 kgf/cm 2 
FGC-B: 1300 kgf/cm 2 
Nylon 12: 2900 kgf/cm 2 

Table 8 shows the tensile moduli of elasticity of blends of ECTFE and FGC-B measured on 1 mm thick sheets. 



TABLE 8 



Blend ECTFE/FGC-B 


Tensile Modulus of Elas- 


(by weight) 


ticity (kgf/cm 2 ) 


100/50 


. 6100 


100/100 


4700 


50/100 


3900 



1 nn If* T" ?S * m E f T,ples 1 7 " 20 the intermedia te layer of the three-layer laminate was formed of a blend of 
100 parte by we.ght of the graft copolymer FGC-B and 50 parts by weight of nylon 12. The tensile moduli of elasticity of 
this blend in the form of 1 mm thick sheet was 2300 kgf/cm 2 . In Examples 21 -24 the intermediate layer was formed of 
a ternary Wend of 00 parts by weight of FGC-B, 50 parts by weight of ECTFE and 50 parts by weight of ny on 12T 
tensile modul. of elasticity of this blend in the form of 1 mm thick sheet was 3500 kgf/cm 2 

In every example the three-layer laminate had a surface layer of nylon 12 and another surface layer of a fluororesin 
which was, as shown in Table 9. ECTFE. FGC-B or a blend of ECTFE and FGC-B 

In the three-layer laminates of Examples 17-24 the peel strength of adhesion between adjacent layers were as 

S!^ 6 .?' f T 9 ! 1 tSSt reVeal6d that in Wery example the surface on sides were very uni- 
formly welded to the intermediate layer. 

h* J^H minat K ? EX l7 l6S Y" 24 alS ° W6re SUbj6Cted t0 the acid resistance test and the methanol resistance test 
described hereinbefore. The results are shown in Table 4. 

COMPARATIVE EXAMPLES 1 7-20 

Comparative examples 17-20 were similar to Examples 17-20, respectively, except that a binary blend of 100 parts 
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by weight of the copolymer ECTFE and 50 parts by weight of nylon 12 was used as the material of the intermediate 
layer in the three-layer laminate. That is, FGC-B was not used in the intermediate layer. 

Table 9 contains the data of peel strength of adhesion in the laminates of Comparative Examples 17-20. In these 
laminates the peel strength values exhibited wide dispersion, and the peel test revealed that in some local areas either 
of the two surface layers did not firmly adhere to the intermediate layer. 



TABLE 9 





Intermediate Layer (2nd 

layer) FGC- 
B/ECTFE/PA12 (by wt.) 


Fluororesin Layer (3rd 
layer) ECTFE/FGC-B(by 
wt.) 


Peel Strength of Adhesion (kgf/25 mm) 








3rd layer-2nd layer 


*) 1st layer-2nd layer 


Example 17 


100/0/50 


100/0 


6.2-8.0 


13.5-16.9 


Example 18 


ditto 


100/50 


7.3-12.5 


ditto 


Example 19 


ditto 


50/100 


8.9-13.2 


ditto 


Example 20 


ditto 


0/100 


10.3-14.5 


ditto 


Example 21 


100/50/50 


100/0 


6.0-8.2 


10.8-15.2 


Example 22 


ditto 


100/50 


6.5-11.0 


ditto 


Example 23 


ditto 


50/100 


7.8-11.9 


ditto 


Example 24 


ditto 


0/100 


8.6-13.1 


ditto 


Comp. Ex.17 


0/100/50 


100/0 


0.1-8.3 


0.2-16.2 


Comp. Ex.18 


ditto 


100/50 


0.2-8.0 


ditto 


Comp. Ex.19 


ditto 


50/100 


0.3-7.6 


ditto 


Comp. Ex.20 


ditto 


0/100 


0.3-7.2 


ditto 



*)1stlayer:PA12 



COMPARATIVE EXAMPLES 21 -24 

As Comparative Examples 21-24 the three-layer laminates of Examples 17-20 were respectively modified to two- 
layer laminates by omitting the intermediate layer formed of the blend of FGC-B and nylon 12 and increasing the thick- 
ness of the nylon 1 2 layer to 1 .5 mm. In the two-layer laminates the peel strength of adhesion between the fluororesin 
layer and the nylon layer was as shown in Table 10. 



TABLE 10 





Fluororesin Layer 
ECTFE/FGC-B (by 
weight) 


Peel Strength of Adhe- 
sion (to nylon 12 layer) 
(kgf/25 mm) 


Comp. Ex. 21 


100/0 


0-0.5 


Comp. Ex. 22 


100/50 


0-0.6 


Comp. Ex. 23 


50/100 


0-0.6 


Comp. Ex. 24 


0/100 


0-0.7 
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Claims 

1 . A plastic laminate comprising: 

a first surface layer formed of an aliphatic polyamide resin having a melting temperature not higher than 280°C; 
a second surface layer formed of a f luororesin being any of 

(i) a fluorine-containing graft copolymer (FGC), 

(ii) polyvinylidene fluoride (PVDF), 

(iii) a blend of polyvinylidene fluoride (PVDF) and a fluorine-containing graft copolymer (FGC), 

(iv) a copolymer of vinylidene fluoride (VDF) and at least one other fluorine-containing monomer, 

(v) a blend of vinylidene fluoride (VDF) based copolymer and a fluorine-containing graft copolymer (FGC), 

(vi) a copolymer of ethylene and a fluoroolefin which may optionally include another fluorine-containing 
monomer and 

(vii) a blend of the ethylene-fluoroolefin copolymer and 

a fluorine-containing graft copolymer (FGC); and an intermediate layer which is interposed between said first 
and second surface layers and welded to the first and second surface layers, the intermediate layer being 
formed of a resin blend comprising an aliphatic polyamide resin und a fluorine-containing graft copolymer hav- 
ing a trunk polymer, which is an elastomeric copolymer of at least two principal monomers including at least 
one fluorine-containing monomer and a subsidiary monomer having at least one double bond and peroxy 
group and has a glass transition temperature lower than 25°C, and a branch polymer which is a fluorine-con- 
taining crystalline polymer in the form of polyvinylidene fluoride (PVDF), a copolymer of vinylidene fluoride 
(VDF) and at least one other fluorine-containing monomer or a copolymer of ethylene and a fluoroolefin, the 
weight ratio of the branch polymer to the trunk polymer being in the range from 20:1 00 to 80:100 and the resin 
blend for the intermediate layer consisting of 10 to 120 parts by weight of a polyamide resin with 100 parts by 
weight of a fluorine-containing graft copolymer (FGC) or a mixture of a fluorine-containing graft copolymer 
(FGC) and another polymer selected from polyvinylidene fluoride (PVDF), vinylidene fluoride (VDF) based 
copolymers and ethylene-fluoroolefin copolymers. 

*>. 

2. A laminate according to Claim 1 , wherein said f luororesin comprises a fluorine-containing crystalline polymer. 

3. A laminate according to Claim 2, wherein said resin blend further comprises a fluorine-containing crystalline poly- 
mer. 

4. A laminate according to Claim 1 , 2 oder 3, wherein said f luororesin comprises a fluorine-containing graft copolymer 
having said trunk polymer and said branch polymer. 

5. A laminate according to Claim 4, wherein said fluororesin further comprises a fluorine-containing crystalline poly- 
mer. 

6. A laminate according to any of Claims 1 to 5, wherein the polyamide resin in said first surface layer and the polya- 
mide resin in said intermediate layer are each selected from nylon 1 1 and nylon 12. 

7. A laminate according to any of Claims 1 to 6, which is in the form of a hose in which the inner surface layer is said 
second surface layer. 

8. A plastic laminate according to Claim 1 , wherein the fluororesin is selected from the group consisting of polyvinyli- 
dene fluoride a VDF based copolymer which is a copolymer of vinylidene fluoride with at least one other fluorine- 
containing monomer, a fluorine-containing graft copolymer having a trunk polymer which is an elastomeric copoly- 
mer of at least two principal monomers including at least one fluorine-containing monomer and a subsidiary mon- 
omer having at least one double bond and peroxy group and has a glass transition temperature lower than 25°C 
and a branch polymer which is polyvinylidene fluoride or a copolymer of vinylidene fluoride with at least one other 
fluorine containing monomer, a blend of polyvinylidene fluoride with said graft copolymer and a blend of said VDF 
based copolymer with said graft copolymer. 

9. A laminate according to Claim 8, wherein in both the graft copolymer in said second surface layer and the graft 
copolymer in said intermediate layer the weight ratio of said branch polymer to said trunk polymer is is in the range 
from 20:100 to 80:100. 
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10. A laminate according to Claim 8 or 9, wherein the polyamide resin in said first surface layer and the polyamide resin 
in said intermediate layer are each selected from the group consisting of nylon 1 1 and nylon 12. 

1 1 . A laminate according to Claim 8 ( 9 or 10, wherein said VDF based copolymer comprises at least 50 mol% of vinyli- 
dene fluoride and is selected from copolymer of vinylidene fluoride and tetraf luoroethylene, copolymer of vinylidene 
fluoride and chlorotrifluoroethylene, copolymer of vinylidene fluoride and trifluoroethylene, copolymer of vinylidene 
fluoride and hexafluoropropene, copolymer of vinylidene fluoride and hexafluoroacetone. copolymer of vinylidene 
fluoride and vinyl fluoride and copolymer of vinylidene fluoride, hexafluoropropene and tetraf luoroethylene. 

12. A laminate according to any of Claims 8 to 1 1, wherein said resin blend is a binary blend of 10-120 parts by weight 
of the polyamide resin with 1 00 parts by weight of the graft copolymer. 

13. A laminate according to any of Claims 8 to 11, wherein said resin blend further comprises a supplementary com- 
ponent which is polyvinylidene fluoride or a copolymer of vinylidene fluoride with at least one other fluorine-contain- 
ing monomer. 

14. A laminate according to Claim 13, wherein in said resin blend the weight ratio of said supplementary component to 
the graft copolymer is not greater than 1 and the weight ratio of the polyamide resin to the total of the graft copoly- 
mer and said supplementary component is from 0.1 to 1 .2. 

1 5. A laminate according to any of Claims 8 to 14, wherein said at least one fluorine-containing monomer of said elas- 
tomeric copolymer is selected from vinylidene fluoride, hexafluoropropene, tetrafluoroethylene and chlorotrif luor- 
oethylene. 

16. A laminate according to any of Claims 8 to 15, wherein said elastomeric copolymer is a copolymer of vinylidene 
fluoride, chlorotrifluoroethylene and said subsidiary monomer. 

17. A laminate according to any of Claims 8 to 16, wherein said subsidiary monomer is selected from t-butyl per- 
oxymethacrylate, t-butyl peroxycrotonate, t-butyl peroxyallylcarbonate and p-menthane peroxyallylcarbonate. 

18. A iaminate according to any of Claims 8 to 1 7, which is in the form of a hose in which the inner surface layer is said 
second surface layer. 

19. A plastic laminate according to Claim 1 wherein the fluororesin is selected from the group consisting of a fluoroole- 
f in copolymer which is a copolymer of a f luoroolefin with ethylene, a graft copolymer having a trunk polymer which 
is an elastomeric copolymer of at least two principal monomers including at least one fluorine-containing monomer 
and a subsidiary monomer having at least one double bond and peroxy group and has a glass transition tempera- 
ture lower than 25°C and a branch polymer which is a copolymer of a f luoroolefin with ethylene, and a blend of said 
f luoroolefin copolymer with said graft copolymer. 

20. A laminate according to Claim 19, wherein in both the graft copolymer in said second surface layer and the graft 
copolymer in said intermediate layer the weight ratio of said branch polymer to said trunk polymer is in the range 
from 20:100 to 80:100. 

21. A laminate according to Claim 19 or 20, wherein the polyamide resin in said first surface layer and the polyamide 
resin in said intermediate layer are each selected from nylon 1 1 and nylon 12. 

22. A laminate according to Claim 1 9, 20 or 21 , wherein said f luoroolefin in said f luoroolefin copolymer is selected from 
tetrafluoroethylene, chlorotrifluoroethylene and trifluoroethylene and occupies 40-60 mol% of said fluoroolefin 
copolymer. 

23. A laminate according to Claim 22, wherein said fluoroolefin copolymer further comprises not more than 10 mol% 
of a third component which is selected from propylene, hexafluoropropene, 1 ,1,1 ,3,3-pentafluoropropene, 3,3,3-tri- 
fluoropropene, 2-trifluoromethylpropene, hexafluoroisobutene and perfluoroalkylvinyl ethers. 

24. A laminate according to any of Claims 1 9 to 23, wherein said resin blend is a binary blend of 1 0- 1 20 parts by weight 
of the polyamide resin with 1 00 parts by weight of the graft copolymer. 

25. A laminate according to any of Claims 19 to 23, wherein said resin blend further comprises a supplementary com- 



15 



EP 0 523 644 B1 



ponent which is a copolymer of a fluoroolefin with ethylene. 

26. A laminate according to Claim 25, wherein in said resin blend the weight ratio of said supplementary component to 
the graft copolymer is not greater than 1 and the weight ratio of the polyamide resin to the total of the graft copoly- 
mer and said supplementary component is from 0. 1 to 1 .2. 

27. A laminate according to any of Claims 1 9 to 26, wherein said at least one fluorine-containing monomer of said elas- 
tomeric copolymer is selected from vinylidene fluoride, hexafluoropropene, tetrafluoroethylene and chlorotrif luor- 
oethylene. 

28. A laminate according to any of Claims 19 to 27, wherein said elastomeric copolymer is a copolymer of vinylidene 
fluoride, chlorotrif luoroethylene and said subsidiary monomer. 

29. A laminate according to any of Claims 19 to 28, wherein said subsidiary monomer is selected from t-butyl per- 
oxymethacrylate, t-butyl peroxycrotonate, t-butyl peroxyallylcarbonate and p-menthane peroxyallylcarbonate. 

30. A laminate according to any of Claims 19 to 29, which is in the form of a hose in which the inner surface layer is 
said second surface layer. 

Patentanspruche 

1 . Kunststoff laminat mit 

einer ersten Oberfiachenschicht, die aus einem aliphatischen Polyamidharz mit einer Schmelztemperatur nicht 
heher als 280°C gebildet ist; 

einer zweiten Oberfiachenschicht, die aus einem Fluorharz gebildet ist, das eines der folgenden sein kann: 

(i) einfluorhaltiges Pfropfcopolymer (FGC), 

(ii) Polyvinylidenfluorid (PVDF), 

(iii) eine Mischung von Polyvinylidenfluorid (PVDF) und einem fluorhaltigen Pfropfcopolymer (FGC), 

(iv) ein Copolymer von Vinylidenfluorid (VDF) und wenigstens einem anderen fiuorhaltigen Monomer, 

(v) eine Mischung eines Copolymers auf Basis von Vinylidenfluorid (VDF) und eines fluorhaltigen Pfropf- 
copolymers (FGC), 

(vi) ein Copolymer von Ethylen und einem Fluorolefin, das gegebenenfalls ein anderesfluorhaltiges Mono- 
mer umfaBt und 

(vii) eine Mischung des Ethyleh-Fluorolefin-Copolymers und eines fluorhaltigen Pfropfcopolymers (FGC); 

und einer Zwischenschicht, die zwischen die erste und zweite Oberfiachenschicht gelegt ist und an die erste 
und zweite Oberfiachenschicht geschweiBt ist, wobei die Zwischenschicht aus einer Harzmischung gebildet 
ist, die ein aliphatisches Polyamidharz und ein fluorhaltiges Pfropfcopolymer enthait mit einem Ruckgratpoly- 
mer, das ein elastisches Copolymer wenigstens zweier Hauptmonomere, die wenigstens ein fluorhaltiges 
Monomer enthalten, und eines Nebenmonomers mit wenigstens einer Doppelbindung und Peroxygruppe ist 
und eine Glasubergangstemperatur unter 25°C hat, und mit einem Seitenkettenpolymer.das ein fluorhaltiges, 
kristallines Polymer ist in Form eines Polyvinylidenfluorids (PVDF), eines Copolymers von Vinylidenfluorid 
(VDF) und wenigstens einem anderen fluorhaltigen Monomer oder eines Copolymers von Ethylen und einem 
Fluorolefin, wobei das Gewichtsverhaitnis des Seitenkettenpolymers zu dem Ruckgratpolymer im Bereich von 
20:100 bis 80:100 liegt und die Harzmischung fur die Zwischenschicht aus 10 bis 120 Gewichtsteilen eines 
Polyamidharzes mit 100 Gewichtsteilen eines fluorhaltigen Pfropfcopolymers (FGC) oder einer Mischung 
eines fluorhaltigen Pfropfcopolymers (FGC) und eines anderen Polymers aus der Gruppe Polyvinylidenfluorid 
(PVDF), Copolymeren auf Basis von Vinylidenfluorid (VDF) und Ethylen-Fluorolefin-Copolymeren besteht. 

2. Laminat nach Anspruch 1 , bei dem das Fluorharz ein fluorhaltiges, kristallines Polymer enthait. 

3. Laminat nach Anspruch 2, bei dem die Harzmischung auBerdem ein fluorhaltiges, kristallines Polymer enthait. 

4. Laminat nach Anspruch 1 , 2 oder 3, bei dem das Fluorharz ein fluorhaltiges Pfropfcopolymer mit dem Ruckgratpo- 
lymer und dem Seitenkettenpolymer enthait. 

5. Laminat nach Anspruch 4, bei dem das Fluorharz auBerdem ein fluorhaltiges, kristallines Polymer enthait. 
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6. Laminat nach einem der Anspruche 1 bis 5. bei dem das Polyamidharz in der ersten Oberflachenschicht und das 
Polyamidharz in der Zwischenschicht Nylon 1 1 Oder Nylon 12 sind. 

7. Laminat nach einem der Anspruche 1 bis 6. das die Form eines Schlauchs hat, in dem die innere Oberflachen- 
schicht die zweite Oberflachenschicht ist. 

8. Kunststofflaminat nach Anspruch 1 , bei dem das Fluorharz ausgewahlt ist aus Polyvinylidenfluorid. einem Copoly- 
mer auf Basis von VDF, das ein Copolymer von Vinylidenfluorid mit wenigstens einem anderen fluorhaltigen Mono- 
mer ist, einem fluorhattigen Pfropfcopoiymer mit einem Ruckgratpolymer, das ein elastisches Copolymer 
wenigstens zweier Hauptmonomere, die wenigstens ein fluorhaltiges Monomer enthalten. und eines Nebenmono- 
mers mit wenigstens einer Doppelbindung und Peroxygruppe ist und eine Glasubergangstemperatur unter 25°C 
hat. und mit einem Seitenkettenpolymer, das Polyvinylidenfluorid oder ein Copolymer von Vinylidenfluorid mit 
wenigstens einem anderen fluorhaltigen Monomer ist. einer Mischung von Polyvinylidenfluorid mit dem Pfropfcop- 
oiymer und einer Mischung des Copolymers auf Basis von VDF mit dem Pfropfcopoiymer. 

9. Laminat nach Anspruch 8, bei dem in beiden. dem Pfropfcopoiymer in der zweiten Oberflachenschicht und dem 
Pfropfcopoiymer in der Zwischenschicht. das Gewichtsverhaltnis des Seitenkettenpolymers zu dem Ruckgratpoly- 
mer im Bereich von 20:100 bis 80:100 liegt. 

10. Laminat nach Anspruch 8 oder 9. bei dem das Polyamidharz in der ersten Oberflachenschicht und das Polyamid- 
harz in der Zwischenschicht Nylon 1 1 oder Nylon 12 sind. 

1 1 . Laminat nach Anspruch 8. 9 oder 1 0, bei dem das Copolymer auf Basis von VDF wenigstens 50 mol-% Vinyliden- 
fluorid enthalt und ausgewahlt ist aus einem Copolymer von Vinylidenfluorid und Tetraf luorethylen, einem Copoly- 
mer von Vinylidenfluorid und Chlortrif luorethylen. einem Copolymer von Vinylidenfluorid und Mluorethylen. einem 
Copolymer von Vinylidenfluorid und Hexaf luorpropen, einem Copolymer von Vinylidenfluorid und Hexaf luoraceton 
einem Copolymer von Vinylidenfluorid und Vinylfluorid und einem Copolymer von Vinylidenfluorid. Hexafluorpro- 
pen und Tetrafluorethylen. 

.12. Laminat nach einem der Anspruche 8 bis 11. bei dem die Harzmischung eine binare Mischung von 10-120 
Gewichtsieilen Polyamidharz mit 100 Gewichtsteilen Pfropfcopoiymer ist. 

13. Laminat nach einem der AnsprOche 8 bis 1 1. bei dem die Harzmischung auBeitlem eine zusatzliche Komponente 
enthalt, die Polyvinylidenfluorid oder ein Copolymer von Vinylidenfluorid mit wenigstens einem anderen fluorhalti- 
gen Monomer ist. 

14. Laminat nach Anspruch 13, bei dem in der Harzmischung das Gewichtsverhaltnis der zusatzlichen Komponente zu 
dem Pfropfcopoiymer nicht grOBer als 1 ist und das Gewichtsverhaltnis des Polyamidharzes zu der Summe von 
Pfropfcopoiymer und zusatzlicher Komponente 0,1 bis 1,2 ist 

15. Laminat nach einem der Anspruche 8 bis 1 4, bei dem das wenigstens eine fluorhaltige Monomer des elastischen 
Copolymers Vinylidenfluorid, Hexafluorpropen. Tetrafluorethylen oder Chlortrifluorethylen ist. 

16. Laminat nach einem der Anspruche 8 bis 15. bei dem das elastische Copolymer ein Copolymer von vinylidenfluo- 
rid, Chlortrifluorethylen und dem Nebenmonomer ist. 



17. Laminat nach einem der AnsprOche 8 bis 16, bei dem das Nebenmonomer t-Butylperoxymethacrylat, t-Butylper- 
oxycrotonat. t-Butylperoxyallylcarbonat oder p-Menthanperoxyallylcarbonat ist. 

18. Laminat nach einem der Anspruche 8 bis 17. das die Form eines Schlauchs hat, in dem die innere Oberflachen- 
schicht die zweite Oberflachenschicht ist. 

19. Kunststoff laminat nach Anspruch 1, bei dem das Fluorharz ausgewahlt ist aus einem Fluorolefincopolymer das ein 
Copolymer eines Fluorolefins mit Ethylen ist, einem Pfropfcopoiymer mit einem Ruckgratpolymer. das ein elasti- 
sches Copolymer wenigstens zweier Hauptmonomere. die wenigstens ein fluorhaltiges Monomer enthalten. und 
eines Nebenmonomers mit wenigstens einer Doppelbindung und Peroxygruppe ist und eine GasObergangstempe- 
ratur von unter 25°C hat und mit einem Seitenkettenpolymer. das ein Copolymer eines Fluorolefins mit Ethylen ist, 
und einer Mischung des Fluorolef incopolymers mit dem Pfropfcopoiymer. 
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20. Laminat nach Anspruch 19, bei dem in beiden, dem Pfropfcopolymer in der zweiten Oberfiachenschicht und dem 
Pfropfcopolymer in der Zwischenschicht, das Gewichtsverhaltnis des Seitenkettenpolymers zu dem Ruckoratpolv- 
mer im Bereich von 20:100 bis 80:100 liegt. 

21. Laminat nach Anspruch 19 oder 20, bei dem das Polyamidharz in der ersten Oberfiachenschicht und das Poly- 
amidharz in der Zwischenschicht Nylon 1 1 oder Nylon 12 sind. 

22. Laminat nach Anspruch 19, 20 oder 21, bei dem das Fluorolefin in dem Fluorolefincopolymer Tetrafluorethylen 
Chlortrifluorethylen oder Triflucrethylen ist und 40 bis 60 mol% des Fluoroiefincopolymers ausmacht. 

23. Laminat nach Anspruch 22, bei dem das Fluorolefincopolymer auBerdem nicht mehr als 10 mol-% einer dritten 
Komponente enthait, die Propylen, Hexafluorpropen, 1.1,1,3,3-Pentafluorpropen, 3,3,3-Trifluorpropen, 2-Trifluor- 
methylpropen, Hexafluorisobuten oder ein Perfluoralkylvinylether ist. 

24. Laminat nach einem der Anspruche 19 bis 23. bei dem die Harzmischung eine binSre Mischung von 10-120 
Gewichtsteilen Polyamidharz mit 100 Gewichtsteilen Pfropfcopolymer ist. 

25. Laminat nach einem der AnsprOche 1 9 bis 23, bei dem die Harzmischung auBerdem eine zusatzliche Komponente 
enthait, die em Copolymer eines Fluorolefins mit Ethylen ist. 

26. Laminat nach Anspruch 25, bei dem in der Harzmischung das Gewichtsverhaltnis der zusatzlichen Komponente zu 
dem Pfropfcopolymer nicht groBer als 1 ist und das Gewichtsverhaltnis des Polyamidharzes zu der Summe des 
Pfropfcopolymers und der zusatzlichen Komponente 0,1 bis 1 ,2 ist. 

27. Laminat nach einemder AnsprOche 19 bis 26, bei dem wenigstens ein fluorhaltiges Monomer des elastischen Cop- 
olymers Vinylidenfluorid, Hexafluorpropen, Tetrafluorethylen oder Chlortifluorethylen ist. 

28. Lafrtnat nach einem der Anspruche 19 bis 27, bei dem das elastische Copolymer ein Copolymer von Vinylidenfluo- 
rid. Chlortrifluorethylen und dem Nebenmonomer ist. 

29= Laminat nach einem der AnsprOche 19 bis 28. bei dem das Nebenmonomer t-Butylperoxymethacrylat t-Butylper- 
oxycrotonat. t-Butylperoxyallylcarbonat Oder p-Menthanperoxyallylcarbonat ist. 

30. Uminat nach einem der Anspruche 1 9 bis 29, das die Form eines Schlauches hat. in dem die innere Oberf lachen- 
schicht die zweite Oberf lachenschicht ist. 

Revendications 

1 . Lamina en matiere plastique comprenant : 

une premiere couche de surface formee d'une resine de polyamide aliphatique ayant une temperature de 
fusion qui ne depasse pas 280°C; 

une seconde couche de surface form6e d'une resine f luoree qui est I'une de 

(i) un copolymere greffe contenant du f luorure (FGC), 

(ii) un fluorure de polyvinylid&ie (PVDF). 

(iii) un melange de fluorure de polyvinylidene (PVDF) et d^un copolymere greffe contenant du fluor (FGC) 

(iv) un copolymere de fluorure de vinylidene (VDF) et d'au moins un autre monomere contenant du fluor ' 

(v) un melange d'un copolymere a base de fluorure de vinylidene (VDF) et d'un copolymere greffe conte- 
nant du fluor (FGC), 

(vi) un copolymere (fethylene et d'un define f luoree qui peuvent facultativement contenir un autre mono- 
mere contenant du fluor et 

(vii) un melange du copolymere d'ethylenefluoroolefine et d'un copolymere greffe contenant du fluor 
(FGC); 

et une couche intermediate qui est interposee entre lesdites premiere et seconde couches de surface et qui 
est soudee aux premiere et seconde couches de surface, la couche intermediate etant formee d'un melange 
de resine comprenant une resine de polyamide aliphatique et un copolymere greffe contenant du fluor ayant 
un polymere tronc. qui est un copolymere elastomere d'au moins deux monomeres principaux comprenant au 
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moins un monomere contenant du fluor et un monomere subsidiaire ayant au moins une double liaison et un 
groupe pSroxy et a une temperature de transition vitreuse plus basse que 25°C, et un poiymere ramif ie qui est 
un poiymere cristallin contenant du fluor sous la forme de fluorure de polyvinylidene (PVDF), d'un copolymere 
defluorure de vinylidene (VDF) et d'au moins un autre monomere contenant du fluor ou un copolymere d'ethy- 
lene et d'une define fluoree. le rapport pond<§ral du poiymere ramifie au poiymere tronc etant compris entre 
20:1 00 et 80:100 et le melange de resine pour la couche intermediate consistant en 10 ft 120 parties en poids 
d'une resine de polyamide avec 100 parties en poids d'un copoymSre greffe contenant du fluor (FGC) ou un 
melange d'un copolymere greffe contenant du fluor (FGC) et d'un autre poiymere seiectionne parmi des copo- 
lymer de fluorure de polyvinylidene (PVD), de fluorure de vinylidene (VDF) et des copolymers d'ethyiene- 
fluorooiefine. 



2. Lamina selon la revendication 1 , ou ladite resine f luor6e comprend un poiymere cristallin contenant du fluor 

3. Lamin6 selon la revendication 2, ou ledit melange de resine contient de plus un poiymere cristallin contenant du 
fluor. 



4. Lamine selon la revendication 1 , 2 ou 3, ou ladite r6sine f luor6e comprend un copolymere greffe contenant du fluor 
ayant ledit poiymere tronc et ledit poiymere ramifie. 

5. Lamin6 selon la revendication 4, ou ladite resine f luor6e contient de plus un poiymere cristallin contenant du fluor. 

6. Lamin6 selon Tune quelconque des revendications 1 ft 5, ou la resine de polyamide dans ladite premise couche 
de surface et la resine de polyamide dans ladite couche intermediate sont s6lectionn6es parmi le nylon 1 1 et le 
nylon 12. 



7. Lamina selon Tune quelconque des revendications 1 ft 6, qui est sous la forme d'un tuyau flexible dans lequel la 
couche de surface interne est ladite seconde couche de surface. 

8. Lamina en mattere plastique selon la revendication 1 , ou la resine f luorae est saiectionnae dans le groupe consis- 
... tant en fluorure de polyvinyl idane, un copolymere ft base de VDF qui est un copolymere de fluorure de vinylidene 

avec au moins un autre monomere contenant du fluor, un copolymere graft 6 contenant du fluor ayant un poiymere 
tronc qui est un copolymere eiastomere d'au moins deux monomeres principaux comprenant au moins un mono- 
mere contenant du fluor et un monomere subsidiaire ayant au moins une double liaison et un groupe peroxy et a 
une temperature de transition vitreuse plus basse que 25°C et un poiymere ramif ie qui est un fluorure de polyviny- 
lidene ou un copolymere de fluorure de vinylidene avec au moins un autre monomere contenant du fluor, un 
melange de fluorure de polyvinylidene avec ledit copolymere greffe et un melange dudit copolymere ft base de 
VDF avec ledit copolymere greffe. 



9. Lamina selon la revendication 8, oCi dans le copolymere greffe dans ladite seconde couche de surface et le copo- 
lymere greffe dans ladite couche intermediate, le rapport ponderal dudit poiymere ramif ia audit poiymere tronc est 
compris entre 20:100 et 80:100. 

10. Lamina selon la revendication 8 ou 9, ou la resine de polyamide dans ladite premiere couche de surface et la resine 
de polyamide dans ladite couche intermediate sont seiectionnees dans le groupe consistant en nylon 1 1 et nylon 



1 1 . Lamina selon la revendication 8, 9 ou 1 0, ou ledit copolymere ft base de VDF comprend au moins 50% en modes 
de fluorure de vinylidene et est seiectionne parmi un copolymftre de fluorure de vinylidene et de tetrafluoroethy- 
lene, un copolymere de fluorure de vinylidene et de chlorotrifluoroethyiene, un copolymere de fluorure de vinyli- 
dene et de trifluoroethyiene, un copolymftre de fluorure de vinylidene et d'hexafluoropropene, un copolymere de 
fluorure de vinylidene et d'hexafluoroacetone, un copolymere de fluorure de vinylidene et de fluorure de vinyle, et 
un copolymere de fluorure de vinylidene, d'hexafluoropropene et de tetrafluoroethyiene. 

12. Lamine selon I'une quelconque des revendications 8 ft 11, ou ledit melange de resine est un melange binaire de 
10-120 parties en poids de la resine de polyamide avec 100 parties en poids du copolymere greffe. 

1 3. Lamine selon I'une quelconque des revendications 8 ft 1 1 , ou ledit melange de resine contient de plus un compo- 
sant supplemental qui est du fluorure de polyvinylidene ou un copolymere de fluorure de vinylidene avec au 
moins un autre monomere contenant du fluor. 
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14. Lamine selon la revendication 13. ou dans (edit melange de resine. le rapport ponderal dudit composant supple- 
mentaire au copolymere greffe ne depasse pas 1 et le rapport ponderal de la resine de polyamide au total du copo- 
lymer e greffe et dudit composant supplemental est compris entre 0, 1 et 1 ,2. 

1 5. Lamine selon Tune quelconque des revendications 8 a 14, ou ledit au moins un monomere contenant du fluor dudit 
copolymere elastomere est selectionne parmi le fluorure de vinylidene, I'hexafluoropropene. le tetrafluoroethylene 
et le chlorotrrfluoroethylene. 

16. Lamine selon Tune quelconque des revendications 8 a 15. oil ledit copolymere elastomere est un copolymere de 
fluorure de vinylidene, de chlorotrifluoro&hylene et dudit monom&re subsidiaire. 

17. Lamine selon Tune quelconquedes revendications 8 a 16, ou ledit monomere subsidiaire est selectionne parmi le 
rart)onate OXym ° 16 X ' tU¥ p6rOXyCr0tonate ' le f - butyl P^roxyallylcarbonate et le p-menthane peroxyallyl- 

1 8. Lamine selon Tune quelconque des revendications 8 a 1 7 qui est sous la forme d'un tuyau flexible dans lequel la 
couche de surface interne est ladite seconde couche de surface. 

19. Lamine plastique selon la revendication 1 ou la resine fluoree est selectionnee dans le groupe consistant en un 
copolymere de fluoroolefine qui est un copolymere dune fluoroolefine avec de I'ethylene, un copolymere greffe 
ayant un polymere tronc qui est un copolymere elastomere d'au moins deux monomeres principaux comprenant 
au moms un monomere contenant du fluor et un monomere subsidiaire ayant au moins une double liaison et un 
groupe peroxy et a une temperature de transition vitreuse plus basse que 25°C et un polymere ramifie qui est un 
copolymere d'une fluoroolefine avecde ('ethylene, et un melange dudit copolymere de fluoroolefine avec ledit copo- 
lymere greffe. r 

20. Lamine selon la revendication 19. ou dans le copolymere greffe dans ladite seconde couche de surface et le copo- 
lymere greffe dans ladite couche intermediaire, le rapport ponderal dudit polymere ramifie audit polymere tronc est 
compris entre 20:100 et 80:100. 

21. Laming i selon la revendication 19 ou 20, oO la resine de polyamide dans ladite premiere couche de surface et la 
resine de polyamide dans ladite couche intermediaire sont selectionnees parmi le nylon 1 1 et le nylon 12. 

22. Lamine selon la revendication 19. 20 ou 21 , ou ladite fluoroolefine dans ledit copolymerede fluoroolefine est selec- 
tionnee parm. le tetrafluoroethylene, le chlorotrifluoroethydene et le trif luoroethylene et occupe 40-60% en modes 
dudit copolymere de fduoroolef ine. 

23. Lamine selon la revendication 22. ou ledit copolymere de fluoroolefine contient de plus pas plus de 10% en modes 
d'un troisieme composant qui est selectionne parmi le propylene, I'hexafluoropropene, le 1,1,1.3,3-pentafluoropro- 
pene. le 3.3.3-trifluoropropene. le 2-trif luoromethylpropene. I'hexafluoroisobutene etdes perfluoroalkylvinyl ethere. 

24. Lamine selon Tune quelconque des revendications 19 a 23. oO ledit melange de resine est un melange binaire de 
10-120 parties en poids de la resine de polyamide avec 100 parties en poids du copolymere greffe. 

25. Lamine selon I'une quelconque des revendications 19 a 23, ou ledit melange de resine contient de plus un compo- 
sant suppl6mentaire qui est un copolymere d'une fluoroolefine avec de I'ethylene. 

26. Lamine selon la revendication 25. ou dans ledit melange de resine, le rapport ponderal dudit composant supple- 
mental au copolymere greffe ne depasse pas 1 et le rapport ponderal de la resine de polyamide au total du copo- 
lymere greffe et dudit composant suppl6mentaire est de 0, 1 a 1 .2. 

27. Lamine selon I'une quelconque des revendications 19 a 26, ou ledit au moins un monomere contenant du fluor 
dudit copo ymere elastomere est selectionne parmi le fluorure de vinylidene. I'hexafluoropropene. le tetrafluoroe- 
thylene et le chlorotrifluoroetnyl&ne. 

28. Lamine selon I'une quelconque des revendications 19 a 27, ou ledit copolymere elastomere est un copolymere de 
fluorure de vinylidene. de chlorotrifluoro6thyl6ne et dudit monom&re subsidiaire. 

29. Lamine selon I'une quelconque des revendications 19 a 28, ou ledit monomere subsidiaire est selectionne parmi 
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!yl^rb^nate r ° XyrTl6thaCry,ate ' '* ^ p6roxycro,onate ' ,e P^oxyallylcarbonate et le p-menthane peroxyal- 

30. Lamine selon Pune quelconque des revendications 19 a 29, qui est sous la forme d'un tuyau flexible dans lequel la 
couche de surface interne est ladite seconde couche de surface. 
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